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SUMMAEY 



An investigation was made in the lACA 19-foot pres- 
sure wind tunnel to determine the effect of various wing- 
gun, installations on the aerodynamic characteristics of 
a model v/ith an lAGA low-drag wing. Measurements were 
made of lift and drag over an angl e-of-at tack range and 
for several values of dynamic pressure on a four-tenths 
scale model of a high-speed airplane equipped with the 
low-drag wing and with various wing-gun installations. 

Two installations v/ere tested: one in which the 
hlast tuhe and part of the gun barrel protrude ahead of 
the wing and another in which the gun is mounted wholly 
within the wing. Two types of openings for the latter 
installation were tested. for each, installation three 
simulated guns were mounted in each wing* 

The results are given in the form of nondimens ional 
coefficients. The installations tested appear to have 
little effect on the maximum-lift coefficient of the model. 
However, the drag coefficient shows a definite change. 
The least adverse effect was ohtained with the completely 
internal mounting and small nose entrance'. The results 
indicate that a properly designed wing-gun installati^|(» 
will have very little adverse effect on the aerodyuMitc 
characteristics of the low-^drag wing. 

lEfTEODUCTlOU 



In the light of recent military findings, an increase 
in fire power of fighter-type airplanes is highly desir- 
ahle. The procedure in the past has "been to mount the guns 
on the fuselage; however* the -addition of still more guns 
necessitates the mounting of some of these guns in the 
wings because of space limitations in the fuselage. Fur- 
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ther, the Jncrep.sing use of explosive projectiles requires 
that the guns "be mounted outside of the propeller are in 
order to preTont. the damage that would result from a col- 
lision "between a propeller hlade and an ill-timed shot. 
Therefore this type of gun, firing forward, must necessari- 
ly "be mounted on, or in, the wings Of conventional tractor- 
propelled airplanes. 

lor a minimujn of disturbance to the flow ahout the 
wing, it is ohvious that a gun mounted inside the wing 
itself and firing through an opening in the leading edge 
would give the 1t>est results. Lately, the possiliilities 
of utilizing the HACA low-drag airfoil sections have cre- 
ated a great deal of interest in. the effect wing-gun in- 
stallations would have on the characteristics of these 
airf oilsi 

In order to supply some information quickly along 
the foregoing lines, the, present short series of tests was . 
made to determine the effect on the model characteristics 
of two types of internal wing-gun blast tubes and one type 
of installation in which thfe blast tube along with part of 
the gun barrel protrudes ahead of the wing. All the tests 
were conducted on a four-tenths scale model of a ctirrent 
tyf)e of high-performance military^ airplane equipped with 
an HACA low»drag wing. 



MODEL AMD lESIS 



She model' u«ed in these tests, was a., four-tenths scale 
model of a high-speed pursuit airplane. ., (See fig. 1.) 
The model has ,an UACA low-drag wing, small fuselage, tail, 
and HACA cowling. In a.ddition, the model has various sur- 
fac@ roughnesses to .'Simulate, the . surface joints of the 
landing gear, c anopy hatches ,. inspection dOors, control- 
surface gaps, etc. The model with this arrangement and 
with the surface in a highly polished condition was used 
as the basis for comparing the various gun installations, 
and will be designated the "basic condition*? throughout 
this paper, 

. In a number of wing-gun . 4ns tallatiohs .a portion of 
the blast tube and the guJi barrel protrude forward from 
the leading. edge of the. wing., , To test the effects of this 
method of mounting, three .wQoden dowels, designed to simu- 
late . the ' protruding parts , -were inserted in the leading 



3 



edge of eacii wing oufboard of the fuselage aad in the same 
relative position as actual guns on a full'-scale airplaile. 
(See figs. 2 and S.) 

The trend of current practice, howevej;', is to mount 
the guns wholly within the wing so that the forward tip of 
the barrel is some distance hehind the leading edge of the 
wing, To test this method of installation, three holes 
were drilled in each wing, as shown in figure 4, to simu- 
late the internal hlast'-tuhe system. Two of these holes 
connected with the third which in turn -exhausted all the 
air onto the upper surface of the wing ahout 0,60c behind 
the leading edge. In order to find the effect of entrance 
shape on the characteristics, two different types of open- 
ings were tested. These different openings were made in 
inserts which were fastened into the front end of the ducts. 

Type A opening (see figs. 5 and 6) was designed to 
have the theoretical minimum adverse effect. The frontal 
area of this opening, 0.201 square inch, is the same as the 
free circular area between the outside of tho gun barrel 
and the inside of the blast tube scaled down to model size. 
The area of the exit hole (see fig. 7) on the upper surface 
of tho wing Y;as equal to the sum. of the areas of the three 
entrances. Type A opening was tested with and without air 
flow, tho exit hole being closed and faired smooth with the 
upper surface Of tho wing for this latter condition. 

■ •; j • . 

The second entrance tested, type B, shown in figures 
8 and 9, was merely a circular passage,, 1 - inch in diameter, 
leading back to a point l^s inches aft of the leading edge 
where a circular constriction was -formed. T];ie area of 
this constrictian was 0.201 square inch, the same as the 
entrance area of j th.e .- type. A, opening. - Type B opening was 
tested only for the cpndiijicn of • air. flowing. 

for the basic condition and' for each of the different 
gun installations, a series of runs was made. Each seiries 
consisted of complete lift-drag pplars at dynamic pressures 
of . 25 and 50 pounds per square foot and lift-drag' meas'iire- 
.ments over an angte-of -jattack range from -2° to 4° at Val- 
ues of dynamic pressure of 25, 5-0, 100, and 150 pounds per 
sq.uare foot.. 

RESULTS 

All data are presented in nondimen^ ional coefficient 
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form corrected for jet-toundary interference and model 
support tare. 

The symljols used herein are defined as follows s 

a angle of attack of root chord corrected for jet- 
Ijoundary interference 

Cj, lift coefficient, L/tS 

Cj3 drag coefficient, .^D/qS 

S wing area (43.83 sq ft) 

q dynamic pressure in the undisturbed air stream 
(1/2 pV^) , pounds per square foot 

p air density, slugs per cubic foot ■ 

V velocity of the air, feet per second 

c mean eh/ord (2.68 ft) 

b wing span (l6 ft) 

iThe coefficients of the model in the basic condition 
are used as the basis for comparing the e'ffects of various 
gun installations. For this condition the complete curves 
of lift and drag against angle of attack for one value of 
dynamic pressure are given in figure 10»' 

The effect 'Oh fflaximuiB lift of the various gun instal- 
lations, as compared with the bas'ic condition, waS deter- 
mined. From the results obtained, it appears that none of 
the arrangements are detrimental to the ma'ximum lift, the 
variations being close to the, experimental accuracy of 
measurement. .' " ! 

The curves of variation of drag coefficient with lift 
coefficient through.' the lov/ — lift range ,'f or the different 
gun installations and for the bjasic condition are given in 
figures 11 to 15, inclusive, ' The deviation of the curves 
for the gun installations from that of the basic condition 
is very small, the greatest deviation resulting from the 
use of type B entrance, " ' ' 

figure 16 gives the variation of drag coefficient at 
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Oj^ a 0.1 with Reynolds num"b©r for the "basio condltioa 
and each of the gun Installations. 



Langley Memorial Aeronautical Laljoratory, 

National Advisory Committee for Aeronautics, 
Langley Field, 7a. 






Figure le- Front view 6f the 0s4 - scale model airplane mounted on 

the standard supports in the 19 - foot pressure wind tunnel* 



HACA 



figs. gjS 




Figure 2.- Ihree-quarters view of sinnil&fcsd protnidiag gua installatioa 
mounted in leading edge of «ing. 




figure 6,« ^rp® A wing gen hlmt tub® entriaice* 



'Leading 
edge of 
wing 



t of gun 
blast tubes 
parallel fa 
<£ of fuselage 

A- 



-39"- 



Wing 



10.75' 
1 



^%"diam. 
■V,e"diam. 



-31"- 



-3^"- ; 

- To tof fuselage 




of gun 
J blast tube 
parallel to 
ct)ord line 



Section A- A 



rigurs 3.- Details of slmolatsd protruding wing gun 
Installation. 
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Figure 4.- Duct system to simulate flw tbzougta latsraal wlag 

gun blast tubas. 
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figur® 9^"' Clo®®">tip of type B wiag gua blast tube entranc®. 
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'Lift coefficienf, a 

Figure 11.- The variation of drag coeffi- 
cient with lift coefficient 
for the basic model condition. 

Figure 10.- The variation of the lift and 

drag coefficients with angle 
of attack for the basic model condition. 
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Lift cosffic/ent, CI 
Figure 13.- The mrlailon of drag eoefficienl; with lift 
eo«fflol«iat for the protruding wing gun In- 

stallatioin. 




Liff coefftcieni^Ci ? 

Figure 13.- Th« mpialsloa ef drag co®ffloi«nt wltSi g 

lift oocfficisat fer typ« A iBtaraal 

guK installation with airflow. m 
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Lift coefficienf, Cl 
. yiKure 14. -the Tarlattoo of drag ooaff lotent wltli lift coeffl- 
ol«ii« for type A interaal con Installation without 

airflow. 
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Lift coefficient, Cl 
FlHurs 15— Tha Tariatton of drag ooafflelaa* with lift o©- 
effioiaa* for type 8 Internal gsn inetallation 

with air flow. 
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Figure 16.- The variation of drag coefficient at Cl = 0.1 

with EeynoldB number for the basic laodel condition 
and with various wing gun installations. 



